Jordan Valley Box Culvert (JVBC) is a 7-cell stormwater box culvert serving a drainage catchment of about 5.9km 2 in the heart of East Kowloon, which is one of the densely populated urban areas in Hong Kong. In order to avoid any polluted runoff in the highly urbanised areas from discharging to the receiving water body through the JVBC, a dry weather flow interception (DWFI) system was proposed. Black & Veatch Hong Kong Limited (B&V) was commissioned by the Drainage Services Department (DSD) of the HKSAR Government to provide consulting services for the investigation, design and construction supervision of the DWFI system. This paper presents the principle of the DWFI and the considerations adopted and challenges in the design of the DWFI system.
Introduction

Background
The existing JVBC is a reinforced concrete 7-cell stormwater box culvert, each cell being 4.1m wide and 3.8m high, serving a drainage catchment of about 5.9km 2 in the heart of East Kowloon, Hong Kong. It is the backbone of the drainage system collecting stormwater from Kowloon Bay, Ngau Tau Kok, Jordan Valley and the rural area of Fei Ngo Shan. The JVBC collects flow from two upstream limbs, i.e. the Kowloon Bay Limb and the Ngau Tau Kok Limb, for discharging into the receiving water body near the former Kai Tak Airport. The drainage catchment, alignment of JVBC and adjacent existing sewerage system are shown in Figure 1 . The receiving water body usually referred to as the Kai Tak Approach Channel (the Channel) is semi-enclosed and bounded in all sides except the southeast by land and the former Kai Tak Airport runway. Moreover, the southeast side is also partly enclosed by the breakwaters of the Kwun Tong Typhoon Shelter. The narrow shape of the receiving water body and the enclosed condition severely constrain water circulation in this marine channel, thereby leading to environmental problems.
Despite the areas around the Channel have already been covered by separate foul water sewerages, the flow in JVBC is found to be heavily polluted due to expedient connections and non-point sources, hence leading to water quality problem in the Channel and associated odour problems. Measures are therefore required to be taken to improve the present conditions.
Interception of DWF
DWFI Options
In order to avoid further pollution and hence improve the present conditions of the receiving water body, the polluted flows during dry weather have to be intercepted and conveyed to the foul water sewerage. compound is to be built to intercept the DWF at the 4 outer cells Option 3. A single DWFI compound and containment of DWF by new DWF troughs -Construction of DWF troughs along the sides of the JVBC and a DWFI compound is to be built to intercept the DWF at the troughs Option 4. Local DWFIs at the upstream stormwater drainage system -DWF is intercepted at the upstream branch drains, which are identified to be conveying polluted flow to the downstream of JVBC All the above options can achieve the goals to intercept the DWF and discharge the intercepted flow to the foul water sewerage in controlled manners. Taking consideration of technical complexity, land requirement, environmental implication, drainage impacts, sewage impacts, operation and maintenance requirements, cost effectiveness and implementation programme, Option 1 was considered to be the most cost-effective and thus selected for the Project.
Design Challenges Limited Land
Land is scarce particularly in urban areas of Hong Kong. According to the Kai Tak Outline Zoning Plan, only about 7,000m 2 has been allocated for the Project. Furthermore, a future curved slip road bisecting the site further reduced the usable site area to about 6,000m 2 . Additional constraints include a future footbridge crossing over the middle of the site as well as the configuration of the existing JVBC, which pre-determined the layout of the DWFI compound. To accommodate all the proposed works within the site with due consideration of these constraints was of a great challenge. The footprints of the pumping station and DWFI compound are hence required to be minimised.
Tidal Influence and Tidal Barrier
In order to intercept the total DWF, the proposed DWFI compound needs to be located at or near the outfall of the 7-cell box culvert, where the invert of the compound is about -0.7mPD. As such, tidal influence and associated seawater intrusion will significantly affect the effectiveness of the DWFI system. A tidal barrier is therefore required to prevent the seawater intrusion during the operation of the DWFI. The selection of type of tidal barrier for 7-cell box culvert is also a challenge, taking into consideration particularly the total prevention of seawater seepage, and ease of long-term maintenance and operation. Amongst various types of tidal barrier commonly used in Hong Kong, penstocks were finally selected for this Project.
Design DWF Rate
The value of the DWF is crucial for the design of the pumping station as well as assessment of impacts on the downstream sewerage system, including Kai Fuk Road Trunk Sewer, Kwun Tong Preliminary Treatment Works and Stonecutters 4 Island Sewage Treatment Works. However, the actual DWF is difficult to be verified due to the tidal influence at the JVBC. In the verification of the DWF, three major components, namely polluted flows, stormwater baseflow and groundwater infiltration, were taken into account in the estimation of the DWF.
Automatic Interception Control
The proposed pumping station and DWFI compound will be unmanned. The opening of the penstocks and operation of the pumps will be automatically controlled by a series of water level sensors. The control system will be connected to the existing DSD's Monitoring and Control System in the Sewage Treatment Works for remote monitoring and control of pumping plant equipment via dedicated lease line. An intellectual E&M design is required to incorporate the automatic control system with three operation modes as detailed in paragraph 2.3 below.
DWFI Scheme
During dry weather conditions, the tidal barrier will be triggered to close under certain conditions, e.g. 3 or more consecutive dry days forecasted by the Hong Kong Observatory. Upon closure of the tidal barrier, the residual water retained at the back of the tidal barrier will be drained to the sea by pumping to the downstream of the DWFI. Apart from serving such a purpose, the same pumping set will also be used for conveying the intercepted DWF to the foul water sewerage under a separate operation mode, so that we could minimise not only the pumping station footprint to overcome the challenge of limited land but also the capital investment. When the residual water is drained to a designed level, the operation of the facilities will be switched to the DWF interception mode and the intercepted DWF will be pumped to an existing trunk sewer adjacent to the facilities. During wet weather conditions or when severe storms are predicted to occur, the tidal barrier has to open automatically for restoring the flow capacity of the JVBC, and no DWF will be intercepted to the trunk sewer in such an operation mode.
To cater for the different scenarios, the DWFI compound is designed to operate under the following three modes:
Wet Weather (WW) Mode:
During wet weather or heavy rainfall in dry seasons, the tidal barrier will open automatically to allow discharge of stormwater at the JVBC and no DWF will be intercepted under these conditions.
Residual Water Discharge (RWD) Mode:
During dry weather, the tidal barrier will be closed. The residual water trapped at the upstream of the tidal barrier will be pumped to the downstream of the JVBC via the pumps at the pumping station.
Dry Weather Flow (DWF) Mode:
When the residual water is sufficiently drawn down, the pumps at the pumping station will be switched to pump the DWF from the JVBC to the adjacent Kai Fuk Road Trunk Sewer.
Apart from the above three operation modes, the design also includes provision for future desilting operations, which will be carried out to remove the silt trapped in the JVBC. The silt accumulated inside the JVBC will be removed from the DWFI compound and subsequently disposed off site. 6 To facilitate future maintenance of the tidal barrier, double-row penstock arrangement will be provided. To overcome the challenge of actual DWF rate, standby pumps will be provided to cater for the higher than expected DWF. A bypass culvert will also be provided to allow emergency discharge of the floodwater inside the JVBC in case of failure of the operation of tidal barrier.
Proposed Construction Works
The proposed works for the DWFI scheme (Figure 2 ) comprise construction of the following physical works:
1.
A DWFI compound and associated facilities including automatic tidal barrier penstocks and desilting facilities; 2.
A pumping station and associated discharge pipes; and 3.
A bypass culvert at the DWFI compound to reduce the risk of flooding. 
Sustainability and Environmental Considerations
Preservation of Existing Trees
Within the site boundary, an existing mature tree (Melia azedarach) was of a well-balanced and very good form standing 10m tall with a crown diameter of 10m. The tree was located right at the location of an essential element of the proposed DWFI compound and had to be transplanted to facilitate the construction of the works.
DSD and B&V shared the common environmental mission and decided to retain this mature tree. However, retaining the beautiful tree form without any damage during transplantation particularly in urban area is definitely of a great challenge.
To make this mission possible, B&V created and designed a structural inverted triangular steel container (6m x 6m x 4m deep) to fully hold its rootball while reducing the total weight to be lifted. The tree without pruning to its branches and roots would be too large to be transported on public road, hence a need to identifying a plant on site for the transplanted tree which is again a challenge to the design of the DWFI compound in the already congested site.
The total weight of the tree together with the temporary rootball container was estimated to be about 180 tonnes. It is expected that to make the 200-tonne tree migrate on site, a 400-tonne crawler crane and two 90-tonne trailers will be required to lift up the tree and facilitate the land transportation to the temporary nursery. B&V included the preliminary structural design and transplanting sequence plans into the contract document for the contractor's reference.
Environmental and Sustainability Design
DSD and B&V also shared another common environmental mission to incorporate sustainability considerations into the design of the DWFI system. Under the Project, the following landscape and energy efficiency measures will be included in the future facilities:
Conclusion
Multi-cell box culverts subject to tidal influence are common underneath urbanised areas in Hong Kong. Construction of a tidal barrier in a 7-cell box culvert and a pumping station to intercept DWF is unprecedented in Hong Kong. Upon completion of the proposed DWFI system, the water quality in the receiving water body near the former Kai Tak Airport is expected to be significantly improved. It is believed that the success of the proposed DWFI scheme in intercepting polluted flow would set an example for similar multi-cell box culverts in Hong Kong.
Furthermore, the newly created and designed structural inverted triangular steel container can make the tree transplantation without any pruning and damage to the branches possible so as to maximise the use of limited land without jeopardising our natural resources and environment.
